Purpose: We assessed the clinical outcomes of a seton procedure combined with early versus late institution of infliximab (IFX) therapy. Methods: This retrospective study comprised 76 patients who underwent surgery for perianal fistula associated with Crohn disease between January 2014 and November 2017. All patients underwent loose seton drainage combined with IFX therapy. Patients categorized as the early group (EG, 49 patients) received IFX therapy within 30 days of completion of the seton procedure. Patients categorized as the late group (LG, 27 patients) received IFX therapy >30 days after the seton procedure. IFX therapy was administered as induction and maintenance therapy. Results: There were no statistically significant intergroup differences in clinical characteristics of the patients. The mean follow-up was 21.0 ± 11.6 months in the EG and 34.5 ± 18.4 months in the LG (P = 0.001). The mean interval between seton procedure and IFX induction therapy was 12.2 days in the EG and 250.2 days in the LG (P = 0.002). Complete remission was observed in 32 patients (65.3%) in the EG and 17 patients (63.0%) in the LG (P = 0.844). Fistula recurrence was observed in 6 patients (7.9%). All recurrences occurred in a previous perianal fistula tract. Conclusion: Patients showed a good response to a seton procedure combined with IFX therapy regardless of the time of initiation of IFX therapy.
INTRODUCTION
The incidence and prevalence of Crohn disease (CD) have increased rapidly in Asia, although these rates remain lower than those observed in Western countries [1, 2] . However, Asian patients with CD typically have a more complicated and complex presentation than Western patients [1, 2] . Notably, Asians with CD show higher frequency of stricture formation and penetrating disease than Australians [2] , and 46.8% of Koreans with CD show perianal fistula formation before and after diagnosis [3] .
Treatment of perianal fistulas associated with CD is difficult. Perianal fistulas of CD are complicated and may occasionally involve the large anal sphincter muscle [4] . These fistulas occasionally present as multiple fistulas, proctitis, anal strictures, abscesses, or rectovaginal fistulas [4] [5] [6] . Various treatments have been tried to treat perianal fistulas associated with CD [7] [8] [9] . A seton procedure is the most popular operation used to treat perianal fistulas in patients with CD. The seton procedure reduces inflammation and allows adequate drainage of pus [5, 10] ; however, some patients must retain the seton over long periods of time [10, 11] , which negatively affects their quality of life. Infusion of infliximab (IFX) is an established treatment for perianal fistulas in patients with CD [11, 12] . Recently, a seton procedure combined with IFX therapy was reported to improve clinical outcomes in patients with CD who presented with perianal fistulas compared to conventional treatment [13] .
Despite the proven efficacy of a seton procedure combined with IFX therapy, some patients choose not to receive IFX therapy immediately after a seton procedure owing to a variety of reasons, including poor infection control and socioeconomic issues. As a result, many patients may have already undergone the seton procedure before combined therapy using a seton procedure and IFX. The effect of delayed IFX therapy in these patients remains unclear, as few studies have demonstrated the clinical outcomes of a seton procedure combined with early or late IFX therapy. The aim of this study was to assess the clinical outcomes of a seton procedure combined with early vs. late IFX therapy.
METHODS
This retrospective study included patients who underwent surgery for treatment of perianal fistulas associated with CD between January 2014 and November 2017. All patients were diagnosed with complex anal fistulas due to CD. Patients were diagnosed with CD by experienced gastrointestinal physicians, pathologists, or surgeons, and complex perianal fistulas were diagnosed by experienced specialist colorectal surgeons. A few patients were diagnosed with CD through histopathologic examination immediately after fistula surgery; these patients underwent laboratory, radiologic, and endoscopic examinations for CD postoperatively. Patients with typical symptoms of CD also underwent laboratory, radiologic, endoscopic, and histopathologic screening for diagnosis of CD. In some cases, diagnosis was delayed, and the aforementioned tests were repeated in these patients. All patients underwent loose seton drainage followed by IFX therapy. Patients were categorized into 2 groups: an early group (EG) and a late group (LG). Patients in the EG received IFX therapy within 30 days of completion of the seton procedure, whereas patients in the LG received IFX therapy >30 days after the seton procedure. This study received approval from the Institutional Review Board of Yeungnam University Medical Center (2018-08-012), who waved the need for informed consent as it was a retrospective study with minimal risk to patients.
All surgeries were performed by specialist colorectal surgeons. All patients underwent transanal ultrasonography, computed tomography of the abdominoperineal region, or pelvic magnetic resonance imaging (MRI) before anal surgery to assess type of fistula and/or presence of an abscess. All patients received prophylactic preoperative antibiotics (metronidazole or ciprofloxacin) and underwent spinal anesthesia and loose noncutting seton placement using a silicone band. The appropriate time for seton removal was determined by surgeons based on healing of the fistula tract, defined as reduction of inflammation and discharge, as well as reduced size of the fistula. Patients in the EG group showed improvement of their symptoms within one month of completion of the seton procedure. Eleven patients in the LG group had sustained inflammation and pus drainage for more than one month. The remaining 16 patients were treated with immunomodulator and antibiotics after the seton procedure, but there was no improvement of anal fistula.
Induction therapy with IFX was initiated after improvement in inflammation of the fistula and pus drainage. Laboratory and radiological tests were performed in all patients who received IFX therapy to confirm the absence of active infection or inactive tuberculosis prior to induction therapy. Induction therapy (5 mg/ kg) was at 0, 2, and 6 weeks. After induction therapy, maintenance therapy was performed every 8 weeks in patients who showed decreased anal discharge or a healing anal wound. No patient had been injected with IFX prior to this study.
Follow-up information was collected regularly at the time of IFX injection. The clinical response was documented and classified during outpatient visits. A partial response was defined as reduction of discharge from the fistula and/or size and number of fistulas. Complete remission was defined as complete closure of the fistula tract with cessation of drainage from the external opening of the fistula. Recurrence was defined as development of new fistulas or appearance of discharge from a former tract.
All statistical analyses were performed using IBM SPSS Statistics ver. 23.0 (IBM Co., Armonk, NY, USA) and R 3.5 with the rms and Hmisc packages (web-r.org). Continuous data were analyzed using Student t-test. Clinical characteristics and outcomes were analyzed using the chi-square or Fisher exact test.
RESULTS
We enrolled 76 patients in this study, 49 in the EG and 27 in the LG. CD was diagnosed at a mean age of 23.0 years (range, 10-52 years). Perianal fistulas were the first manifestation of disease in 48 patients (63.2%). The overall mean duration of CD before a seton procedure was 13.0 ± 2.9 months. Among the 76 patients treated, 45 did not receive any medication for CD before they underwent the seton procedure combined with IFX therapy. The remaining patients received several medications for CD. The followup period was longer in the LG than in the EG (P = 0.001). Baseline characteristics of both groups at the time of fistula surgery are presented in Table 1 . Medications used for CD at the time of the seton procedure are presented in Table 2 .
All patients received IFX therapy. The mean interval between the seton procedure and IFX induction therapy was 12.2 days (range, 2-27 days) in the EG and 250.2 days (range, 33-1,596 days) in the LG (P = 0.002). All patients responded to IFX induction therapy. Of the 76 patients treated, 49 (64.5%) showed complete remission after IFX induction therapy, 32 patients (65.3%) in the EG and 17 patients (63.0%) in the LG (P = 0.844). Intergroup differences in the results of IFX induction therapy are presented in Table 3 . Six patients (7.9%) changed IFX therapy after induction; of these, 3 patients discontinued IFX therapy because of infusion reactions (one patient experienced pruritus, flushing, and skin rash; a second experienced pruritus, chest discomfort, nausea, and dizziness; and a third experienced flushing, nausea and urticarial), while 3 patients were switched to adalimumab because of activation of luminal CD. No significant difference in IFX maintenance therapy was evident (P = 1.000).
Fistula recurrence was observed in 6 patients (7.9%) at 5, 7, 8, 11, 20, or 22 months after initial IFX therapy. All recurrences occurred in a previous perianal fistula tract. A previous fistula tract reopened in 3 patients during IFX therapy; however, complete remission was observed after IFX induction therapy. Two patients experienced pus discharge during IFX therapy. One patient had fistula recurrence after switching to adalimumab because of a general inflammatory condition. No significant intergroup difference in fistula recurrence was evident (P = 0.743) ( Table 4 ).
DISCUSSION
In this study, patients who underwent a seton procedure combined with IFX therapy had an acceptable response to this treatment. Complete remission of perianal disease was observed in >60% of patients after IFX induction therapy, and >88% of patients continued IFX maintenance therapy without severe complications and/or recurrence. No significant intergroup differences were found in the effects of IFX therapy based on timing of initiation of IFX therapy. A seton procedure combined with IFX therapy might improve treatment outcomes of perianal fistula regard-less of the timing of the seton procedure. A seton procedure combined with anti-tumor necrosis factor (TNF) therapy is recommended for perianal fistulas associated with CD. The results of a seton procedure combined with IFX therapy have varied across previous studies. Complete remission of perianal fistulas occurred in 0%-78% of patients [13] [14] [15] , and the overall response rate was approximately 71%-88% [14, 16] . In this study, the overall complete remission and response rates were 64.4% and 100%, respectively. The findings in this study are within the range reported in previous studies.
This study reported 7.9% recurrence and 0% no-response rates. These figures are lower than the approximately 40% recurrence rate reported in previous studies [14, 17] . The authors of these previous studies attributed the high recurrence rate to a short follow-up period. A few patients who showed initial response to IFX therapy developed worsening symptoms at approximately 41-50 months (during follow-up) [18, 19] . The recurrence rates at 1, 2, and 3 years were reported to be 29.2%, 34.9%, and 45.8%, respectively [17] , while the no/poor response rate was approximately 
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28%-37% [9, 15] . In this study, 45 patients (59.2%) had never received any medications for CD other than IFX therapy. Patients were simultaneously diagnosed with CD and perianal fistulas associated with CD. Patients received IFX therapy immediately after undergoing the seton procedure. The current strategy for management of CD involves "top-down" therapy with early institution of biological treatment [20] . The rates of mucosal healing were significantly higher in the "top-down" group than those in the conventional step-up group [21, 22] . The authors are of the view that the 45 patients might have benefitted from a top-down strategy.
Conventionally, combined anti-TNF-α antibody administration and seton procedure have been an important treatment strategy for perianal CD. IFX therapy is considered an important advance in the medical treatment of perianal CD and has shown a higher long-term response rate (approximately 56%-68%) than conventional therapy [12] . The ACCENT II study reported an approximately 36% response rate to IFX maintenance therapy at 54 weeks [23] . Patients who presented with complex perianal fistulas without anorectal sepsis had a >90% response with IFX alone [13] . However, patients with perianal fistulas associated with CD frequently develop complex fistulas and anal sepsis before or after treatment [13, 14] . Previous studies have shown that >80% of patients who underwent a seton procedure presented with a complex fistula [14] . The rate of abscess formation after IFX therapy was reported to be approximately 11%-29% [12, 19] . Patients who underwent a loose seton technique showed 65% improvement in perianal sepsis at short-term follow-up and 20% improvement in perianal sepsis at long-term follow-up [11] .
There are several limitations of this study. (1) Owing to the retrospective study design, we cannot exclude a possible selection bias related to choice of treatment based on clinical symptoms and (2) over 50% of the patients had never received medication for CD before receiving IFX therapy. Although a "top-down" approach with early administration of biological agents is considered useful to treat CD, IFX therapy in these patients may be controversial due to possible overtreatment [22] . In addition, (3) clinical response was determined based on clinical evaluation, and MRI or ultrasonography was not included in this study. In addition, our findings need to be confirmed by a multicenter controlled study.
In conclusion, we found a seton procedure combined with IFX therapy to be effective in patients presenting with perianal fistulas associated with CD, and most patients showed better complete remission and response rates. Most patients were able to continue IFX therapy and showed low recurrence rates. The favorable response was achieved when combining a seton procedure and IFX therapy regardless of timing of initiation of IFX therapy.
